Endoscopic ultrasonography (EUS)-guided therapy with ethanol injection or catheter-based radiofrequency ablation for pancreatic neoplasm has been conducted as a potential alternate treatment modality for patients who are not eligible for surgery. On the basis of the limited number of studies available, EUS-guided ablation therapy with the aforementioned methods for small pancreatic neoplasms has demonstrated promising technical feasibility and safety profiles. To be considered as a legitimate alternative option to surgery, however, EUS-guided ablation therapy must provide a long-term efficacy profile along with the consensus among experts regarding its treatment parameter. This review focuses on the clinical issues and future perspectives of EUS-guided therapy for pancreatic neoplasm.
INtrodUctIoN
The incidence and prevalence of pancreatic neoplasm are increasing rapidly with the development and diffusion of various cross-sectional imaging modalities. [1] [2] [3] As the biological behavior of pancreatic neoplasms is highly heterogeneous, constructing a standardized protocol for its treatment and follow-up remains a significant challenge. Although surgical resection is the definitive treatment for pancreatic neoplasms with malignant transformation potential, it carries relatively high risks of perioperative morbidity and mortality. 4 Over the last decade, endoscopic ultrasonography (EUS)-guided ablation of pancreatic neoplasms has been performed as an experimental treatment modality for patients who were either poor surgical candidates or reluctant to undergo surgery. 5, 6 A recent retrospective study that compared patients who received EUS-guided ethanol injection for the ablation of cystic neoplasms with those who did not revealed that the patients treated with EUS-guided ablation with ethanol injection maintained their quality of life by avoiding pancreatic surgery. 7 Although EUS-guided ablation therapy for pancreatic neoplasms has been investigated for over 15 years, a clear consensus on its efficacy remains elusive; hence, it has yet to become a part of the standard of care. 8 Studies on EUS-guided ablation therapy have reported a wide range of efficacies, with reported resolution rates of pancreatic cystic neoplasm ranging from 9% to 79%. 9-14 Data on EUS-guided ablation therapy for pancreatic solid neoplasm are even scarcer. To date, the reported rates of complete resolution of pancreatic solid tumors range from 62% to 100%. [15] [16] [17] [18] Given the substantial heterogeneity of the of EUS-guided ablation therapy will be discussed.
INdIcAtIoN oF EUS-GUIdEd AblAtIoN thErAPy

Surgical candidacy
To achieve maximum therapeutic benefit and avoid unnecessary treatment, the indication for EUS-guided ablation therapy should be refined. 20 For pancreatic cystic neoplasm, the indication should be determined on the basis of the cyst type, morphology, and natural course. In patients with pancreatic cysts that meet the criteria for resection, surgical candidacy based on patients' underlying comorbidities should be assessed. For those that are deemed poor operative candidates, consideration for EUS-guided ablation therapy should be given. In addition, patients who are reluctant to undergo surgical resection and desire a less invasive treatment option should also be considered for EUS-guided ablation therapy.
cystic neoplasm
In terms of cyst morphology, unilocular cysts with smaller sizes may attain the best outcome for the EUS-guided therapy. The accurate diagnosis of the type of pancreatic cyst (hence prognosticating its malignant potential) can be challenging for a significant portion of patients even after an exhaustive batteries of tests, including magnetic resonance imaging, EUS, and cyst fluid analysis. 12, [21] [22] [23] [24] [25] Therefore, the development of reliable biomarkers and new endoscopic technologies to enhance the accuracy of diagnosis and prognosticating malignant transformation potential for cystic neoplasm is still required. Regarding cyst type, the malignant potential of mucinous cysts is higher than that of serous cystic tumors. As mucinous cystic tumors often present as unilocular lesions, mucinous neoplasms that gradually increase in size are the ideal target for EUS-guided ablation therapy. A challenge in EUS-guided ablation of mucinous neoplasms, however, is that the reported treatment efficacy rates of EUS-guided ablation with ethanol injection were less robust than those for non-mucinous cystic neoplasms. 9, 12, 13 Another issue with targeting mucinous neoplasms with EUS-guided treatment is their relatively lower prevalence among all pancreatic cystic neoplasms. The most common pancreatic mucinous cystic neoplasm is the intraductal papillary mucinous neoplasm (IPMN), which communicates to the pancreatic duct. Though yet to be substantiated, the theoretical increased risk of posttreatment pancreatitis and injury to the pancreatic duct after ablation should demand careful consideration of the usefulness of the treatment for IPMNs. 6 Although prophylactic pancreatic stent insertion before the procedure can be considered to reduce the risk of procedure-related pancreatitis, no reported data supporting its efficacy exist to date. Furthermore, a recent study by Park and colleagues on EUS-guided delivery of ethanol or radiofrequency ablation in a porcine model reported a potential risk of pancreatic ductal injury. 26 Therefore, IPMN may be inappropriate for EUS-guided ablation therapy considering its low response rate and high risk of complications ( Fig. 1 ).
Solid neoplasm
Regarding pancreatic solid neoplasms, small functioning pancreatic neuroendocrine tumors (PNETs) of <2 cm are the most appropriate indication for EUS-guided ablation therapy. Functioning PNETs have hormone-related symptoms and Another concern of ablation therapy for these pancreatic solid neoplasms is local recurrence and inability to detect or treat metastatic lesions. As pancreatic solid neoplasms are rare and the natural history of these tumors is protean, selection of the patients must be based on strict criteria. Like cystic neoplasms of the pancreas, pancreatic solid tumors with main pancreatic duct involvement may be an inappropriate target because of the higher risk of pancreatic duct injury during ablation therapy. Moreover, because the involvement of the main pancreatic duct in these pancreatic neoplasms may indicate an aggressive clinical course, 28, 29 local ablative therapy may not be appropriate in these clinical circumstances.
StANdArdIzAtIoN oF thE trEAtmENt Protocol
Quantity, concentration, and method of delivery of the ablating agent
In EUS-guided ablation therapy, ethanol has been the most commonly used ablative agents. However, no consensus has been reached on the treatment protocol specifying the concentration and amount of ethanol, method of delivery (lavage vs. instillation), duration and number of lavage, or the number of sessions necessary to optimize the efficacy and safety of the procedure. 30 The ideal concentration of ethanol has not been clearly determined in EUS-guided ethanol ablation therapy. A previous animal study by Matthes and colleagues demonstrated that EUS-guided injection of ethanol in the pig pancreas resulted in a localized concentration-dependent tissue necrosis. 31 The concentration of injected ethanol, final concentration of ethanol inside the cyst, and complete resolution rate of the cyst in previous clinical studies are described in Table 1 . 9, 12, 30, [32] [33] [34] Most studies did not measure final concentrations of ethanol inside the cyst, which can vary depending on the amount of ethanol injected and the volume of residual cystic fluid prior to delivery of ethanol. In a recent single-center, prospective study, cyst ablation with 80% ethanol showed a very low complete resolution of pancreatic cyst (2/23), and the mean final concentration of ethanol achieved in the treated cysts was only 50% (range, 0%-79%). 9 It seems that the higher the concentration of the injected ethanol, the better the treatment efficacy. At present, whether higher concentrations are also associated with increased risk of complications such as post-ablation pancreatitis or pancreatic duct injury is uncertain. Ideally, the amount of ablating agent (i.e., ethanol) injected to the lesion should be of the same volume as the cystic fluid aspirated prior to its delivery. 13 In the ablation of solid tumors, the amount of ethanol that needs to be delivered should be calculated on the basis of the volume of the tumor by using cross-sectional imaging. Lastly, one must consider the known fine needle aspiration needle dead space volume that occupies the needle channel (1.5-2 mL). 18 As previously mentioned, communication of the lesion to the pancreatic duct carries a potential risk of adverse outcome. Recently, a new technique has been introduced to delineate lesions communicating with the main pancreatic duct from those that do not. 9 After EUS-guided cyst aspiration, a radiocontrast medium was injected through the needle to confirm no leakage to the pancreatic parenchyma or communication with the pancreatic duct. Although this can aid in selecting lesions with a higher risk of adverse outcome, it may also diminish treatment efficacy, as the injected radiocontrast may reduce or even prevent full exposure of the epithelial lining of the pancreatic cyst to ethanol. Regarding EUS-guided radiofrequency ablation, previous clinical trials showed acceptable feasibility, safety, and efficacy in targeting nonfunctioning PNETs, insulinomas, and pancreatic mucinous cystic tumors. [36] [37] [38] Further clinical studies are required to standardize the designs of catheter-based electrodes, the ablation energy required, the ablation time, and the number of EUS-guided radiofrequency ablation therapy sessions. The ideal ablative agent that provides the optimal treatment effect is yet to be clearly elucidated. Most of the studies to date on EUS-guided ablation therapy are relatively small, observational studies without proper control groups or head-to-head comparison with other treatment methods. The addition of paclitaxel after ethanol injection, for example, has demonstrated increased therapeutic effect in some studies. 10, 11, 14 Recently, ethanol-free EUS-guided cyst chemoablation with an admixture of paclitaxel and gemcitabine has demonstrated a significant reduction in posttreatment adverse events, with similar efficacy with ethanol lavage followed by paclitaxel injection. 39 Regarding pancreatic solid neoplasm, ethanol ablation therapy combined with lipiodol may be useful, especially in hypervascular tumors, including neuroendocrine tumors. 16 Larger prospective studies to compare the efficacy and safety of each treatment modality, including injection of ablative or chemotherapeutic agents, and radiofrequency ablation therapy, will be required to clarify this issue.
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Safety-related issue
The short-term adverse events of EUS-guided ablation therapy include abdominal pain, acute pancreatitis, vascular injury, and infection. 41 Most of these adverse events are mild and self-limited, but the development of severe complications require hospital admission with close observation and necessary intervention. Severe pancreatitis can develop owing to leakage of the proinflammatory ablative agents into the surrounding pancreatic parenchyma or direct injury of the pancreatic duct. 18 Exophytic lesions of the pancreas (either cystic or solid) may be inappropriate for EUS-guided ablation therapy because of the higher risk of leakage (Fig. 2) . 6 Radiofrequency ablation demonstrates the ability to induce thermal injury on the target lesion. Subsequently, a potential risk of thermal damage to adjacent structures can result in necrotizing pancreatitis with peritonitis, burning of the gastric wall, bleeding, portal vein thrombosis, or even fistula. 42, 43 Consequently, in EUS-guided radiofrequency ablation, lesions must be ablated with sufficient safety margin. Long-term data on EUS-guided cyst ablation have been reported by two centers from Korea and one from the United States. 9, 12, 13 Choi and colleagues reported a 98% remission rate at 6-year follow-up among 114 patients with pancreatic cysts in whom complete resolution was achieved after EUS-guided cyst ablation. 13 In the other study from Korea, Park and colleagues reported no further increase in size or malignant transformation in 7 patients with persistent pancreatic cysts after EUS-assisted ablation during the median follow-up period of 46 months. 12 It is interesting that Gómez and colleagues from the United States reported non-response to the ablation treatment in a patient with branch duct IPMNs who eventually developed pancreatic adenocarcinoma 41 months later. 9 As the numerical assessment of the cancer prevention rate by EUS-assisted ablation therapy is not possible at present, the need for surveillance, including frequency, duration, and modality, is obscure and thus must be clarified. The long-term treatment outcome of EUS-guided ablation therapy in terms of recurrence, malignant transformation, or metastasis should be validated in multicenter controlled studies.
Evaluation of treatment outcome and follow-up
After ablation therapy, though often difficult, the effectiveness of the treatment and follow-up interval should be assessed, as reliable markers predicting treatment outcome are lacking. In terms of pancreatic cyst ablation, studies have relied on cyst size determined using cross-sectional imaging, including computed tomography or magnetic resonance imaging. Unfortunately, owing to the innate limitation in their ability to detect miniscule residual lesions, dependence on follow-up imaging alone may not be adequate to reliably report the eradication of all cystic contents and wall epithelium. 35 This is especially true in the follow-up of solid neoplasms where residual clusters of neoplastic lesion cannot be detected if the residual lesion is too small. Surrogate biomarkers that adequately forecast the underlying etiology, potential malignant risk, and probability of cancer prevention by ablation therapy should be developed. 8 Contrast-enhanced harmonic EUS, needle-based confocal laser endomicroscopy probes, and microforceps passed through an EUS needle may be helpful to determine the treatment outcome of EUS-guided ablation therapy. 18, [44] [45] [46] A combination of serological and radiographic and/or endoscopic imaging would most likely provide the most cogent solution to the dilemma.
coNclUSIoNS
EUS-guided ethanol ablation therapy seems to be a promising option for patients with pancreatic neoplasms, including mucinous cystic neoplasm and small functioning PNETs. EUS-guided ablation therapy could be used to complement radical resection of pancreatic neoplasms. However, safety-related issues should be considered, and a consensus and guideline for EUS-guided ethanol ablation therapy should be established. Development of dedicated devices and ablative agents for EUS-guided ablation therapy, and reliable biomarkers for evaluating the treatment responsiveness is also important.
